Abstract
Introduction
An interesting yet unexplored empirical question for short sellers, academics, and regulators is whether short selling in Exchange Traded Funds (ETFs) leads to predictable changes in ETF prices. An ETF is a security that tracks a basket of stocks, an index, or a fund. Traditionally, an increase in the short interest in a stock is viewed as a signal that the stock price is likely to fall, if market participants believe short sellers possess private information. In general, a short sale is costlier to execute than a long sale, owing to the need to cover the borrowing costs. Diamond and Verrecchia (1987) suggest only those investors with strong expectations of a significant price decline will choose to short. Accordingly, significant increases in short interest should be followed by negative abnormal returns.
On the contrary, Gastineau (2004) argues that short selling of ETFs may be tax-related, and therefore lacking in informational content. Gastineau (2008) develops the argument that a large increase in short interest does not necessarily indicate that short sellers expect an ETF portfolio to under-perform other ETFs in the same sector. To our knowledge this intuition has not previously been subject to empirical scrutiny, perhaps due to the lack of suitable ETF short interest data as well as the opaqueness of ETF data in general. This study is the first to investigate empirically the association between an increase in ETF short interest and the subsequent performance of ETFs. Using highfrequency (daily) ETF short interest data, we sort increases in ETF short interest based on shares on loan and the short interest ratio into deciles. For both measures, the most (least) heavily shorted deciles yield the highest (lowest) Jensen's alpha .
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Our results offer insights into ETF shorting, which differ from the received wisdom concerning individual stock shorting. For individual stocks, the literature suggests the higher the level of short interest, the larger is the negative abnormal return (Figlewski, 1981; Senchack and Starks, 1993; Choie and Hwang, 1994; Asquith and Meulbroek, 1995; Desai, Ramesh, Thiagarajan, and Balachandran, 2002; Asquith, Pathak, and Ritter, 2005) . For ETF, our results suggest that the larger the increase in short interest, the larger is Jensen's alpha. We interpret this as evidence that hedgers, rather than 1 The ETF short interest ratio is the percentage of available lendable ETFs sold short. 4 speculators, dominate the market for the short selling of ETFs in the UK. Hedgers take short positions because they are bullish and want to protect their portfolios, while speculators do so because they are bearish and want to profit from their expectations.
This interpretation points to an executable trading opportunity, involving taking a long position in ETFs in response to signals of large increases in short interest.
The remainder of this paper is organized as follows. The next section provides a brief description of the characteristics of ETFs listed on the London Stock Exchange, and lending fees. Section 3 reviews the literature on the informational content of short interest. Section 4 describes our data and research methodology. Section 5 reports our main results and a robustness check. Finally Section 6 offers some concluding remarks. 
Exchange Traded Funds and Lending Fees

Related Literature
The extant literature provides three different perspectives on the expected relationship between short interest and stock returns. First, Diamond and Verrecchia (1987) develop a model based on a rational expectations framework, and derive a negative association between short interest and subsequent stock returns. When short selling is restricted, either directly or through the imposition of additional costs, uninformed traders tend to be driven out of the pool of shorts, and informational efficiency may be improved. Only well-informed traders with strong expectations of a price decline will choose to bear the cost of shorting stocks. Unexpected or unusually large increases in short interest tend to signal poor subsequent stock returns. As noted above, we are unaware of any previous empirical evidence on the price impact of ETF short selling. Given that the first perspective is dominant both analytically and empirically, our prior hypothesis is that large increases in short interest in ETFs are associated with subsequent negative ETF returns.
Research Methodology
Daily data for shares on loan, the short interest measure used in this study, are obtained Table 1 . Most ETFs traded on the London Stock Exchange during the period were equity funds, but there were some debt, real estate, and commodity funds. The ETF descriptions and daily closing prices are compiled from Bloomberg and Datastream.
The data set contains 20,912 daily observations of changes in ETF shares on loan. is feasible to investigate the impact on prices of changes in ETF short interest. We test whether a trading strategy of shorting ETFs following an increase in short interest can yield abnormal profits.
< Insert Table 1 here>
In the UK, the most common motive for borrowing securities is to cover a short sale, with the short seller borrowing the securities to be delivered to the buyer on settlement.
With reference to covered short sales, an ETF is deemed to have been shorted if and only if there is an increase in shares on loan. Two alternative measures of ETF short interest are employed: (i) increase in the natural logarithm of ETF shares on loan; and (ii) increase in the ETF short interest ratio, where the short interest ratio is the number of ETF shares on loan divided by the number of ETFs shares to be loaned through Euroclear. The latter measure is subject to the difficulty that an increase in the short interest ratio might be driven by a decrease in the denominator (shares available for loan). Accordingly, for an ETF to be deemed to have experienced an increase in short interest, it must experience an increase in shares on loan. We exclude daily observations 9 for which the increase in short interest is zero or negative, yielding a sample of positive increases in short interest in ETFs of 3,040 daily observations.
For each measure we sort the sample into portfolios based on increase-in-short-interest deciles: the portfolio for increase-in-short-interest decile 1 contains the daily observations on an ETF for 30 days after an increase in short interest assigned to the smallest decile; and the portfolio for increase-in-short-interest decile 10 contains the daily observations on an ETF for 30 days after an increase in short interest assigned to the largest decile. Let t , i s  denote the increase in short interest for ETF i between day t-1 and day t. As noted above, daily changes in the short-interest ratio are observed for Table 2 .
< Insert Table 2 here>
In order to compare the performance of portfolios defined with reference to the ETF increase-in-short-interest deciles, we adopt the Jensen (1968) alpha approach. In the market model, a positive alpha (intercept coefficient) indicates over-performance, and negative alpha indicates under-performance, relative to a benchmark index. The market model specification is as follows:
where ri,t+ is the daily (calendar time) logarithmic return for ETF i on day t+ for =1,…,30 following an observed increase in short interest observed for ETF i on day t; rm,t+ is the daily logarithmic return on an appropriate benchmark index on day t+; and 10 rf,t+ is the risk-free rate proxied by the UK Treasury Bill rate on day t+. 5 The intercept, ĵ  (Jensen's alpha) measures the average abnormal daily return with respect to the benchmark. ĵ  is estimated using the data from day t+1 to day t+30 following an increase in shares on loan or short interest ratio for ETF i on day t, over all {i, t} j.
We 
Empirical Results
To investigate the price impact on ETFs following an increase in short interest, Table   3 reports the estimated values of Jensen's alpha, the risk-adjusted performance measure, for each of the two sets of portfolios comprising ETFs sorted into increase-in-shortinterest deciles. For both measures, we find no evidence of under-performance for heavily shorted ETFs in decile 10, and no evidence of over-performance for lightly shorted ETFs in decile 1. Indeed, the results suggest the opposite: heavily (lightly)
shorted ETFs yield the highest (lowest) abnormal returns. For example, Jensen's alpha for decile 10 is 0.038% (increase in shares on loan measure) or 0.035% (increase in short interest ratio measure), and statistically significant in both cases. Assuming there are 240 trading days per year, this strategy translates into annualised risk-adjusted profits of 9.12% or 8.40%, respectively. For decile 1 the corresponding figures are 0.012% and 0.002%, respectively, and neither of these is significant. Although the relationship is not monotonic, there is a clear tendency for the estimated alpha to increase with both short interest measures.
<Insert Table 3 here>
The observation period for the results reported in show during the period prior to financial crisis, heavily shorted ETFs yield the highest abnormal returns using the first measure (increase in shares on loan), but no clear pattern using the second measure (increase in short interest ratio). Both measures show abnormal returns are the highest and statistically significant in heavily shorted deciles during and after the short selling ban period.
<Insert Table 4 here>
In Table 5 below, we compare the abnormal returns for all deciles according to the ages of ETFs. In so doing, we partition our sample based on the median of ETF years (5 years), and classify the age of ETFs between 0 and 5 years as 'young' and more than 5 years as 'old'. In the case of 'young' ETFs, the result is broadly consistent with that of the full sample. That is, for both measures, heavily shorted ETFs earn the highest abnormal performance and vice-versa for lightly shorted ETFs. For instance, the highest Jensen alpha using the first measure (increase in shares on loan) is in decile 10 (0.043%), and using the second measure (increase in short interest ratio) is in decile 9 (0.044%) followed by decile 10 (0.041%), and statistically significant in all cases. However, the abnormal returns are not statistically significant with to 'old' ETFs and there is no clear trend across different deciles. Our results appear to suggest that abnormal returns mainly stem from ETFs which are relatively new in the market.
<Insert Table 5 High increases in ETF short interest decile portfolios significantly overperform the market as compared to low increases decile portfolios.
As a robustness check, we apply the methodology used by Harper, Madura, and
Schnusenberg (2006), as an alternative method for assessing the association between an increase in ETF short interest and subsequent ETF performance. We calculate cumulative average returns over a 35-day window before and after an increase in short interest (measured by the short interest ratio), for portfolios based on increase-in-shortinterest deciles, constructed in the same way as before. In applying this methodology, we assume there is no tracking error between the ETFs and the underlying index.
Using the same notation as before, we let 
Conclusion
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In this paper, we examine the association between increases in short interest and the subsequent performance of ETFs listed on the London Stock Exchange. As far as we are aware, this paper is the first to study the price effects of increases in short interest in ETFs. Tracking errors aside, shorting an ETF is similar to shorting an index. From both the practitioner and academic perspectives, the price impact is interesting to study, because more than one type of investor may be involved in the short selling of ETFs.
Since different types of trader may have different motives for short selling, the signals are not easy to interpret. Accordingly, short selling of ETFs may be viewed as a highrisk financial activity.
Using two measures of ETF short interest, we create ten ETF portfolios defined on the basis of the magnitude of the increase in short interest. We estimate Jensen's alpha for each portfolio over a 30-day window following any observed increase in short interest.
The pattern is the reverse of that reported in most previous studies of the association between increases in short interest in individual stocks and their subsequent performance, which indicate under-performance following large increases in short interest (Senchack and Starks, 1993; Choie and Hwang, 1994) . We report evidence that ETFs tend to over-perform following large increases in short interest.
We interpret our findings as indicative that the short selling of ETFs is dominated by traders implementing hedging strategies. Hedgers take short positions because they are bullish, while speculators do so because they are bearish. Notes: An ETF is deemed to have been shorted if and only if there is an increase in shares on loan. The degree of ETF shorting is measured in two ways: a) increase in ETF shares on loan; b) increase in ETF short interest ratio. Panel A presents the summary statistics of increases in ETF shares on loan while Panel B shows the summary statistics of increases in ETF short interest ratio for each decile during the sample period June 2006 through April 2010. Decile 1 contains the lowest increases whereas Decile 10 contains the highest increases in ETF shares on loan or short interest ratio. An increase in ETF shares on loan is natural log increase in shares on loan while an increase in short interest ratio is a simple arithmetic increase in the ETF short interest ratio from one day to the next. The short interest ratio is the percentage of available (lendable) supply of ETF shares being lent out. 
Table 3 Comparison of Jensen Alphas between Deciles
Notes: This table reports the alphas for all deciles; Panel A shows alphas for increases in shares on loan deciles while Panel B shows alphas for increases in short interest ratio deciles. Decile 1 contains the lowest increases whereas Decile 10 contains the highest increases in ETF shares on loan or short interest ratio. Alphas (0, +30) are measured using the Jensen alpha method: coincides with the start of short selling ban. Panel A shows alphas for increases in shares on loan deciles while Panel B shows alphas for increases in short interest ratio deciles. Decile 1 contains the lowest increases whereas Decile 10 contains the highest increases in ETF shares on loan or short interest ratio. Alphas (0, +30) are measured using the Jensen alpha method: The partition is based on the median of ETFs, i.e., 5 years. Panel A shows alphas for increases in shares on loan deciles while Panel B shows alphas for increases in short interest ratio deciles. Decile 1 contains the lowest increases whereas Decile 10 contains the highest increases in ETF shares on loan or short interest ratio. Alphas (0, +30) are measured using the Jensen alpha method: 
